The study of transverse-momentum spectra of quarks and gluons produced by the color electric flux tube decaying through the Schwinger tunneling mechanism is reviewed. The hints for a fast hydrodynamization in the ultra-relativistic heavy-ion collisions are found.
Introduction
It is now more than decade that the properties of the new state of matter called quark-gluon plasma (QGP) are studied with the ultra-relativistic heavy-ion collisions at RHIC and the LHC. Among many expected results there are also a few outstanding surprises. In particular, broad analysis of the particle correlations [1, 2] in the experimental data revealed that, in contrast to the earlier expectations based on the asymptotic freedom property of quantum chromodynamics (QCD), the QGP is a strongly coupled system with the lowest viscosity in Nature. Moreover, it is surprisingly well described within the effective framework of relativistic dissipative fluid dynamics. Unfortunately, predictive power of the latter, required for the ongoing precision studies, is highly limited due to the requirement of the precise knowledge of its initial conditions. In particular, one has only qualitative information on the amplitude of the viscous corrections just after the collision, which, apart from resulting in possible quantitative differences in the predicted results, may question applicability of the viscous fluid dynamics in such modelling in general [3, 4, 5, 7, 6] . Thus, the study of the approach of the created QGP toward the local thermal equilibrium (thermalization) is nowadays of highest interest for the field of heavy-ion physics [8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20] .
In this proceedings contribution we briefly review our main results of the study of the QGP thermalization rate within the framework of the colorflux-tube model proposed in Ref. [18] . Based on the detailed analysis of the transverse-momentum spectra of the produced partons [21] we show that it is difficult to fully thermalize the system within a short time (τ 1 fm) unless the shear viscosity to entropy density ratio is that of AdS/CFT lower bound,η AdS = 1/(4π) [22] . However, at the same time, forη 3η AdS the observed deviations from equilibrium state are quite well described within dissipative corrections of viscous hydrodynamics. The latter observation confirms the fast hydrodynamization of the QGP first proposed in Ref. [16] .
Color-flux-tube model for early stages of heavy-ion collisions
Based on the saturation physics [23] , due to the ultra-relativistic energies, most of particles produced in midrapidity of heavy-ion collisions originate from the decay of purely longitudinal color fields spanned by the receding color-charged nuclei. In Refs. [18, 21] it was proposed to describe this physics situation within the simplified model of initial color electric flux tube [24, 25] treated in the Abelian dominance approximation [26, 27] which subsequently decays into quarks and gluons according to the Schwinger tunneling mechanism [28] . Within this framework phase-space densities of quarks, antiquarks and charged gluons are described by the following kinetic Boltzmann-Vlasov-type equations
respectively. In Eqs.
(1) partons couple to the mean color field 8) through the charges i (for quarks), − i (for antiquarks), and η ij = i − j (for gluons) [29] , where the color indices i, j run from 1 to 3. The first terms on the right hand side of Eqs. (1) denote the particle production due to the Schwinger tunnelling [18, 28] . In addition to the usual treatment we include the subsequent collisions between produced particles through the collisional kernels treated in the relaxation time approximation (RTA) [30] C(f ) = p · u (f eq − f ) /τ eq where the relaxation time is expressed according to the Anderson-Witting formula τ eq = 5η/T [31] .
In the case of boost-invariant and transversely homogeneous system, also called the Bjorken symmetry [32] , the solutions of Eqs. (1) depend only on the proper time, τ = √ t 2 − z 2 , transverse momentum, p ⊥ , and the boostinvariant variable, w = tp − zE, i.e., f = f (τ, w, p ⊥ ), and may be found analytically [18] .
Transverse-momentum spectra
In order to study approach of the system toward the local thermal equilibrium one typically analyses the deviations of pressures from the equilibrium pressure, see Ref. [18] . Alternatively, one can also study the p ⊥ spectra of the produced partons, and their approach toward the equilibrium spectrum [21] . For that purpose we use Cooper-Frye formula [33] , which for the Bjorken symmetry [32] considered herein reduces to the following form
where R ⊥ arbitrarily sets the transverse size in such a way that the integral (2) gives the production per unit area. We assume that the phase-space distribution f in Eq. (2) is given by the sum of the quark, antiquark and gluon distribution functions satisfying transport equations (1),
where N f = 2 is the number of flavours. For the results presented herein we use the solutions from Ref. [18] obtained for the initial field strength corresponding to the LHC case.
Results
In the left panels of Fig. 1 we present the partonic p ⊥ spectra obtained using Eqs. (2) and (3) for two values of the shear viscosity to entropy density ratio,η =η AdS (top) andη = 3η AdS (bottom), and various freeze-out proper times. We observe that, except for the low-p ⊥ range, in all cases the spectra have approximately thermal-like (exponential) shape. This property, sometimes called apparent thermalization, is, however, mainly related to the specific production mechanism of partons, which in our case is the Schwinger tunnelling in the oscillating color field [34, 35] .
In order to judge if the thermalization is really achieved we propose to study the corresponding negative inverse logarithmic slopes, λ, of the spectra,
In the right panels of Fig. 1 we compare the slopes λ of the spectra from the left panels with the corresponding slopes of the spectra of the viscous fluid,
having the same energy density ε(τ ). In Eq. (5)
, with P L and P T being the longitudinal and transverse pressure, respectively. In the special case of the system in local thermal equlibrium, P T = P L , the formula (5) reduces to the one for the perfect fluid,
From the Fig. 1 we observe that, although the spectra look approximately thermal for all τ , only in the case ofη =η AdS the slopes λ agree with the equilibrium ones λ eq within a short proper-time (τ 1 fm). This suggest that the system undergo fast thermalization only in the case of maximal possible coupling. On the other hand, the discrepancies at medium and large p ⊥ observed forη = 3η AdS (bottom panel) are very well addressed within the dissipative corrections of the viscous fluid dynamics, see λ visc . It means that although the fast thermalization seems to be limited toη =η AdS , the system may still undergo fast hydrodynamization ifη 3η AdS .
Conclusions
The thermalization rate of the quark-gluon plasma produced from the initial color electric flux tubes through the Schwiner mechanism is studied. Once produced the partons are interacting with each other according to the collisional kernels treated in RTA. The detailed comparison of the resulting transverse-momentum spectra of partons with the viscous hydrodynamics ones is done. Obtained results suggest that, although the early thermalization may be limited to strongly coupled systems (η =η AdS ), as long as η 3η AdS the early hydrodynamization of the plasma in such reactions may be achieved.
